A functional polymorphism in the regulatory region of the serotonin transporter gene (5-HTTLPR) has been reported to be both associated and linked to anxietyrelated personality measures, although other studies have not replicated these findings. The current study examines both association and linkage of the gene to two major anxiety-related personality measures, the harm avoidance scale on the Tridimensional Personality Questionnaire and the neuroticism scale of the NEO-PI-R, in a sample of 148 Israeli subjects comprising 74 same-sex sibling pairs. We replicated the reported association between the short allele and higher scores on the TPQ harm avoidance scale (P = 0.03), including the subscale of shyness (P = 0.02), and also found association in the same direction between the short allele and the NEO-PI-R neuroticism subscales of anxiety (P = 0.03) and depression (P = 0.04). Sib-pair linkage analysis, using the regression method, further supported a role of the 5-HTTLPR in anxiety-related personality traits. Molecular Psychiatry (2000) 5, 216-219.
Examination of the possible relationship between a functional polymorphism in the promoter region of the serotonin transporter gene (5-HTTLPR) and clinical anxiety disorders has yielded suggestive but inconclusive results. [1] [2] [3] Studies of anxiety-related temperament and personality dimensions, rather than overt psychopathology, have also yielded inconsistent findings. Lesch et al 4 originally reported an association in United States subjects between the short form of the polymorphism and higher scores on the Neuroticism scale of Costa and McRae's NEO-PI-R 5 and with higher estimated scores for Cloninger's Tridimensional Personality Questionnaire 6 (TPQ) scale of harm avoidance. These findings were supported by a study 7 of older United States subjects using the actual TPQ instrument and by two Japanese studies, one using the TPQ 8 and the other using a self-report anxiety and depression questionnaire. 9 Another study, in Finnish subjects, found linkage but not association of the 5-HTTLPR with facets of harm avoidance. 10 However, a study of Israeli subjects found no association of the 5-HTTLPR to any TPQ traits, which led to the proposal that the effects of this gene might vary across ethnic groups or cultures. 11 In possible support of this idea, a United States study 12 found a significant interaction between 5-HTTLPR genotype and race for NEO-PI-R neuroticism, which suggests that the relationship between the allele and anxiety-related traits may be obscured by the effects of differing phenotypes and differing gene frequencies in different populations (population stratification). Several other studies [13] [14] [15] found no association of the 5-HTTLPR with various personality measures. Unfortunately, none of the negative studies included family material, which is essential to distinguish genuine genetic transmission, or its lack, from artifacts of population stratification. We therefore examined both association and linkage of the gene to two major anxiety-related personality measures, the TPQ harm avoidance scale and the NEO neuroticism scale, in a sample of 148 healthy Israeli volunteers comprising 74 same-sex sibling pairs.
Allele frequencies were 48.9% for the long allele and 51.1% for the short allele. Genotype frequencies were in Hardy-Weinberg equilibrium (24.3% for long/long, 49.3% for long/short, and 26.4% for short/short).
The association results are summarized in Table 1 , which shows the average TPQ and NEO-PI-R personality test scores after stratifying the population by genotype. Based on prior biochemical and behavioural evidence, 4, 16 the statistical analysis focused on the comparison between individuals with either one or two short alleles (the 'short' group) as compared to individuals homozygous for the long allele (the 'long' group). The significance of association was determined by ANOVA with age, sex and ethnicity entered as covariates.
The short genotype was significantly associated with higher overall harm avoidance scores (F = 4.61; P = 0.03) including its subscale of shyness (F = 5.93; P = 0.02). By contrast, between-group differences were not significant for the other three TPQ scales of novelty seeking, reward dependence, and persistence. The short genotype also tended to be associated with higher total neuroticism scores (F = 3.40; P = 0.06), and this was significant for the two neuroticism subscales of anxiety (F = 4.86; P = 0.03) and depression (F = 4.15; P = 0.04). There was no significant association with any other NEO-PI-R scale. In agreement with previous results, the short allele had more of a dominant than recessive effect (based on analyses of s/s vs s/l vs l/l, not shown; see Table 1 ). Since population-based association studies are subject to false positive findings due to population stratification, within-family analyses are also important. Analysis of discordant sib-pairs revealed that sibs with the short allele tended to have slightly higher harm avoidance scores than did sibs homozygous for the long allele, but the difference was not significant (HA = 14.55 ± 4.67 for short vs HA = 13.27 ± 5.95 for long, n = 22 pairs; paired t = 0.838, df = 21, P = 0.41). Neuroticism scores in the discordant sib-pairs also did not differ significantly (N = 93.10 ± 18.67 for short vs N = 92.86 ± 22.35 for long, n = 21 pairs; paired t = 0.41, df = 20, P = 0.97).
Linkage is an alternative method to assess the relationship between a gene and a trait within families. Sib-pair linkage analysis by the regression method of Cardon et al 17 gave the results shown in Table 2 . There was suggestive evidence for linkage with total HA scores (P = 0.07), with the HA shyness subscale (P = 0.04), and with two other HA subscales (fear: P = 0.06 and fatigue: P = 0.09). This finding is some- who found linkage to two of the Harm Avoidance subscales (fear and anticipatory worry) but not to the HA scale as a whole. Similarly, overall N scores show a trend towards linkage (P Ͻ 0.07) which was significant for the N subscale of impulsiveness (P Ͻ 0.0007). This study replicates the reported relationship between the short allele of 5-HTTLPR and several anxiety-related personality measures, both by association analysis and, at the trend level, by linkage analysis. The association data gave estimated 5-HTTLPR-specific heritabilities in the range of h 2 Х 0.02 (for N) to 0.04 (for HA3), consistent with the limited effect of a single gene on complex personality traits. The estimated heritabilities from the linkage data were similar or greater (h 2 Х 0.14 for N and HA), suggesting that the observed association is due to genuine transmission rather than population stratification. However, because of the much lower power of linkage compared to association, far larger sib samples would be required to accurately partition the within-family and across-family variances.
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No association or linkage of the 5-HTTLPR was found to any of the other TPQ or NEO-PI-R scales in these two instruments, which argues for the specificity of the relationship between this gene and anxietyrelated measures. While some studies have failed to find association between the 5-HTTLPR and measures of anxiety, it should be noted that none of these have reported significant overall associations in the 'wrong' direction, and other evidence suggests that the effects may be seen only through interactions with other polymorphisms. 18 It is difficult to assess the probability of false negatives in such studies since experimental and measurement errors in genotyping or phenotyping, which will increase type II error, are not readily estimated. We believe that, overall, the accumulated evidence supports the hypothesis of a real relationship between the short allele of the 5-HTTLPR gene and anxiety-related personality traits.
Cross-cultural studies are an important tool in disentangling genetic and environmental influences on personality. The present finding of an association of the 5-HTTLPR with anxiety-related traits in Israelis suggests that the effects of the serotonin transporter gene are not limited to one particular ethnic group or culture. However, a potentially interesting difference between this study and Lesch et al's analysis of United States subjects is that the Israelis did not display association of the 5-HTTLPR with the NEO-PI-R trait of agreeableness, which is a measure of social affiliation, cooperativeness and affability. The Israeli population also failed to show the usual negative phenotypic correlation between neuroticism and agreeableness (data not shown). These observations suggest that the sources of variance in socially agreeable personality traits may be different in Israelis and Americans. It would be interesting to test this hypothesis in a larger sample.
Methods

Sample
Participants were volunteers recruited by poster and media advertisements. Preliminary screening excluded major mental illness or psychiatric disability, and ascertained a literacy level adequate to allow comprehension of questionnaire items. Subjects were 148 Israelis, mean age 30.7 (SD 11.6 years), range 17-78 years old. The majority of subjects were from in and around the Beer Sheva area, and both university and nursing school students, along with members of the hospital staff, were somewhat over-represented. Subjects were almost evenly split between Ashkenazi and non-Ashkenazi ethnic groups (49.4% vs 50.6%), and women outnumbered men by approximately two to one (65.7% vs 34.3%). 
Measures
Procedure
All subjects gave informed consent, and the protocol was approved by the Ben Gurion University Helsinki Committee. Volunteers filled out the questionnaires and donated 20 cc of blood by venipuncture. The majority of subjects were interviewed at an office in the medical center, although in some cases the interviewer went to the subjects' homes. Test materials and bloods were coded by number to ensure confidentiality.
Genotyping
DNA was extracted and genotypes determined as previously described. 11 
Statistical analyses
Individuals with two short alleles were grouped together with individuals with one short and one long allele, and this group (short) compared to individuals having two long alleles (long) (as suggested in Lesch et al 4 ) . Between-group differences for mean scale scores were tested with ANOVA (SPSS), with age, sex, and ethnic group as covariates and using a significance level of P Ͻ 0.05. 5-HTTLPR-specific heritabilities were estimated from association data by h 2 = r GP 2 , where r GP is the Pearson correlation between dichotomized genotype and phenotype. Genetically discordant sib-pairs were examined using a paired t-test. 4 Linkage analysis was conducted by the regression method of Cardon et al 17 for unselected samples according to the equation C = B 0 + B 1 P + B 2 + B 3 P, where C is the phenotype of the first sib, P is the phenotype of the second sib, and is genotype sharing at the 5-HTTLPR ( = 0 for short/long and long/short pairs, = 1 for short/short and long/long pairs). The test for linkage is provided by B 3 . Simulation experiments show that when the frequency of long and short alleles is approximately equal, as is the case in this study, the specific heritability due to the 5-HTTLPR can be estimated from linkage data by h 2 Х B 3 /2.
